Investigations have indicated that in addition to traditional sources, drained peat soils can be considered as a significant source of nitrogen in Estonia. This changes the measures to improve water quality in rivers. At present modelling of nitrogen in rivers has been concentrated on influence of agricultural activity. However, drained peat can increase nitrogen concentrations even without fertilization and farming activities. This investigation describes the attempt to model water quality in the watershed with large share of drained peat soils. A good alignment between measured and modelled nitrate concentrations using the MACRO and the SOILN for MACRO models was shown.
Introduction
Reduction of riverine nutrient loads is one of the major environmental management goals in the Baltic Sea region and thus also in Estonia. However, recent data analyzes of Estonian rivers show that nitrogen concentrations have increased in some rivers [1] despite the decrease of fertilizer usage [2] . An increase in nitrogen (N) concentrations has even been detected in watersheds with very low human activity [1] . Hoffmann et al. [3] assumed that increases of pollution by nutrients may also be caused by wide-scale melioration. Some authors [4] [5] [6] have reported that drainage of peat soils leads to decomposition of peat and increases fluxes of nutrients to watercourses. Drainage of peatlands results in peat oxidation and significantly changes their physical and chemical properties [7, 8] . This can result in high nitrate-nitrogen (NO3_N) concentrations in the pore water of drained peatlands that is caused by the aeration of peat and subsequent mineralization and nitrification of organic N [9] . In [2] an increase of nitrogen concentrations in some Estonian river basins with high percentage of drained peat soils was observed. Mineralization of nitrogen from peat soils is regarded as another possible source of nutrients in Europe [10] . In [11] a statistical model MESAW showed that unit-area loads from drained peat areas can be up to 2.3 times higher than from arable lands. The main objective of this paper was to try to model water quality in the watershed with large share of drained peat soils. A good fit between measured and modelled nitrate nitrogen concentrations using MACRO and SOILN for MACRO models was shown. In addition, it was concluded that nitrate concentrations depend on weather conditions that may lead to positive trend of nitrates in rivers with very low human activity.
Models and Study Area
Usually the modelling of nitrogen leaching comprises of two main tasks. The first is to model water fluxes because water is a carrier of nitrogen. The second task is to model the chemical behavior and leaching of nitrogen in soils. Most conceptual hydrological models cannot provide the data needed to calculate nitrogen transformations in soils, and it is difficult to couple them with the nitrogen-leaching models. The MACRO model used in this study was developed to simulate data needed for this type of models but it can be used only for field-scales. The model is one-dimensional, developed for use in small homogeneous areas at the field or plot scale.
The MACRO model considers the division of the soil profile into the micro-and macropores. Soil macropores (e.g., root and worm holes, structural shrinkage cracks) allow rapid non-equilibrium fluxes of water in soil [12] , and consequently influence the leaching of nitrogen. Larsson & Jarvis [13] showed that such influence might be quite significant. Hydrological models developed for watersheds usually ignore the exchange of water and nutrients between micro-and macropores. In this study, the MACRO model was used as some authors [7] have indicated the presence of macropores in peat soils.
The SOILN model simulates major carbon (C) and nitrogen (N) flows and corresponding processes in soils and plants. The model has a daily time step and simulates flow and state variables at a field level. Input variables like daily data on the air temperature, solar radiation, evaporation, soil heat and water conditions etc. are gained from MACRO model. The soil vertical profile is divided into layers. In each layer, mineral N is represented by one pool for ammonium N and one for nitrate N. Ammonium N is usually regarded as immobile, whereas nitrate form is transported with the water fluxes (a special option can also make ammonium mobile). The ammonium pool might be increased by the nitrogen supplied from manure application, mineralization of organic material and by atmospheric deposition, and it is decreased by immobilization to an organic material, nitrification to the nitrate pool and plant uptake. The nitrate store increases through the nitrification of the ammonium pool, fertilization and atmospheric deposition. The leaching, denitrification and plant uptake reduce the amount of nitrate N in the soils. Water flows that transport nitrate N between the layers are responsible for nitrogen leaching. The rate of the decomposition of organic matter depends on soil moisture and temperature conditions. Nitrogen dynamics of the organic matter is governed by C flows and mineralization or immobilization depends on the C/N ratio of the decomposed material and availability of mineral N [14] . SOILN for MACRO takes into account the nitrate exchange between the macro-and micropores [13, 15] . The models were adapted according to the scheme described in [16] . The scheme includes calculations for the different soil profiles and simulation of water movement in the river system.
Water quantity and quality of the watershed with large percentage of peat soils were modelled. Figure 1 contains a map of the watershed. Area of the watershed is 79 km 2 . River length is 17 km, average discharge is 0.77 m 3 /s. Annual average precipitation is 704 mm and temperature 5.9 °C. Table 1 contains characteristics of the watershed. As can be seen, the watershed contains quite large areas of peat soils and low arable and farming activity. The main soil types in the watershed are peat (45.6%) and clay loam (35.2%). Wetlands in Table 1 are the areas covered with water (rivers, lakes, bogs etc.). The percentage of soil types in the watershed was estimated on the basis of digital soil map obtained from Estonian Land Board. Digital CORINE land cover map was used to derive land use statistics. Water flow was measured daily and grab samples of water were collected 12 times per year during the national monitoring program 2001-2011 according to national legislation. In Leivajõgi River the state monitoring sampling rate changed after 2010 from 12 to 6 times per year. The data presented in this study were gathered from the monitoring program database. The measurement point was at the outlets of the watershed under investigation. The measurement points of discharge and water quality do not overlap exactly but are close to each other. Water samples were analyzed in accredited laboratory. 
Results
The scheme described in [16] was used to simulate the water flow and nitrate N concentrations in Leivajõgi River. The content of organic matter in peat soils is usually very high (>90%). Experience of the authors shows that most of the hydrological models fail to perform with soils containing high rate of organic matter. For this reason, only the MACRO and the SOILN for MACRO models were used in this study.
Three types of soils (clay loam, peat and sand) and five different profiles with a total depth of 60, 90, 120, 170, 340 cm were arbitrarily selected and used for modelling. Selected profiles cover the typical range of depths of zone of aeration in the studied watershed. All profiles were divided into 10 layers of different thickness. Parallel calculations using the farming algorithm (each processor executes code in isolation from all other processors except for a master or root processor) [17, 18] were used in order to decrease the computing time. The total water inflow into the river system is the sum of runoffs from the areas with these soil profiles. Coefficients for each profile were found through the optimization procedure.
Part of precipitation falls onto the river and wetlands, but the MACRO model does not model such areas. Therefore, the water flow from rivers and wetlands in a warm season was found as the difference between the precipitation and evaporation. For a cold period when the water flow depends on the temperature, a more complex approach was used. For instance, water coming onto the wetland areas during snow melting was assumed to be equal to water coming onto the surface of the watershed.
Daily water flow and concentrations of nitrate nitrogen were modelled for 11 years. Five years were used for calibration and six for validation. Efficiency of modelling was estimated by the NashSutcliffe efficiency (NSE) [19] for validation period. The NSE is a normalized statistic that determines the relative magnitude of the residual variance ("noise") compared to the measured data variance ("information") [20] . It indicates how well the plot of the observed versus the simulated data fits the 1:1 line. The NSE was computed using the equation:
where is the ith observation for the constituent being evaluated, is the ith simulated value for the constituent being evaluated, is the mean of observed data for the constituent being evaluated, and n is the total number of observations. NSE values between 0.0 and 1.0 are generally viewed as acceptable levels of performance, whereas values smaller than 0.0 indicate that the mean observed value is a better predictor than the simulated value, which implies unacceptable performance. In this study NSE is 0.63 for water flow and 0.33 for nitrate nitrogen. Figure 2 shows modelling results for a period of 11 years. It can be seen that the MACRO and the SOILN for MACRO models predict concentrations at a sufficient accuracy. Analysis showed that the concentrations increase with the increase of water flow but the dependence between them is nonlinear. Such behavior is typical for diffuse pollution of nitrogen [2, 21] . 
Discussion
This study showed that the field-scale model is applicable at the watershed scale. This enables modelling of the influence of different water protection measures to improve water quality. In addition to traditional sources of nutrients (e.g., arable lands), it is possible to analyze the influence of peat soils as an additional source, e.g., to model the influence of the density and depth of drainage systems or flooding of peatlands on the water quality at the watershed scale. The analysis of the average nitrogen loads from three types of soils (clay loam, peat and sand) over the 11 year study period showed that, the average nitrogen loads from peat soils were 1.5 times higher than those from clay loam (arable lands) ( Table 2 ). The area covered with sandy soils is very small. Therefore, the average nitrogen loads from sandy soils were insignificant. This corresponds to the results of [11] where the export coefficients for areas with drained peat soils were found to be up to 2.3 times higher compared with arable lands. The MACRO model, suitable for modelling water runoff from the soils with high content of organic matter (almost 100%), was tested in the watershed with high percentage of drained peat soils. As compared with other hydrological models, this model provides all necessary information to the respective SOILN model to calculate the concentration of NO3_N in a river. In addition, the MACRO models also exchange of water and nitrogen between micro and macro pores.
Conclusions
In this study, water quantity and quality of the watershed with high percentage of peat soils were modelled using models initially developed for field-scale. Three types of soils (clay loam, peat and sand) and five different profiles were used for modelling. Daily water flow and concentrations of nitrate nitrogen were modelled for 11 years. The reliability of modelling was estimated by the Nash-Sutcliffe efficiency equation. The investigation showed that the field-scale MACRO and SOILN for MACRO models may be successfully applied at the watershed scale.
This result is significant for Estonia where the main sources of diffuse nutrient loads are expected to come from agriculture and forestry [23] ; however, studies have shown that nitrogen loads from drained peat soils can be larger than from arable lands [11, 24] . Models used in this study allow modelling of water quantity and quality at the watersheds with a high content of peat soils and therefore are applicable for River Basin Management planning activities. According to the opinion of official authorities, the increase in nitrogen concentrations in rivers is linked with agricultural activities, but the results of modelling show that in this case, changes in the NO3_N level may depend on the meteorological conditions rather than on human activity. Therefore, River Basin Management needs additional measures focusing on areas with drained peat soils.
